SUMMARY: Susceptibilities to some antimicrobial agents and distribution of genes associated with resistance were examined in a total of 66 Streptococcus gallolyticus isolates and reference strains from various sources. All the tested bacteria were susceptible to vancomycin, penicillin G, and ampicillin. Most of the erythromycin-resistant isolates were observed in human clinical samples. Tetracycline and doxycycline resistance was prevalent in the isolates from human patients, diseased animals, and healthy broiler chickens, while the prevalence was significantly lower in the isolates from healthy mammals. All the isolates resistant to tetracycline possessed tet(M) and/or tet(L) and/or tet(O) genes. However, most isolates from healthy animals, which were susceptible to tetracycline, possessed the above-cited resistance genes, implying the potential ability for resistance under exposure to the corresponding antimicrobial agents.
Streptococcus gallolyticus is a Gram-positive, Lancefield group D streptococci and a common member of the gut microbiota of various animals and humans (1); however, it has been shown to cause mastitis in cattle (2) , septicemia in pigeons (3, 4) , and meningitis, septicemia, and endocarditis in humans (5, 6) , implying that the bacterium is a zoonotic agent. To date, antimicrobial susceptibility and the distribution of resistance genes in S. gallolyticus isolates from human patients and homing pigeons have been examined (7) (8) (9) . However, little is known about these isolates from livestock. We report profiles of antimicrobial susceptibility and distribution of antibiotic resistance genes in S. gallolyticus isolates and reference strains from various sources, including livestock, and we compared the prevalence of antimicrobial resistant bacteria from these sources.
The numbers and sources of bacteria used in this study are listed in Table 1 . A total of 64 S. gallolyticus isolates were collected between 1981 and 2011, and the taxonomic identities were determined by PCR (10) . From human patients, 8 isolates were collected between 1981 and 1985, 2 in 1992, 1 in 2003, and 9 between 2009 and 2011. Two reference strains of S. gallolyticus, HDP99422 and HDP98362, isolated from dairy products were kindly donated by A. Bouvet of the Centre National de R áef áerence des Streptocoques, Service de Microbiologie, Universit áe Paris VI. Bacteria were stored at -809 C in brain heart infusion broth (Becton Dickinson, Sparks, Md., USA) with 20z glycerol until use. It should be noted that fecal isolates from healthy broiler chickens collected from Japanese farms were categorized in 1 group distinct from those of healthy mammals because the chickens were fed with various feed additives containing one or more antimicrobial agents, i.e., penicillin, colistin, tetracycline, erythromycin, streptomycin, quinolone, and/or fluoroquinolones (11, 12) .
Antimicrobial susceptibility was examined using a disk diffusion method with Mueller-Hinton (BD 4  16  2  13  1  15  15  7  Lincomycin  17  3  12  1  2  10  6  12  2  1  51  Cefotaxime  4  1  15  3  12  16  3  1  11  10  Chloramphenicol  2  5  13  2  13  1  15  6  9  3 1) : Two S. gallolyticus reference strains are included in this category. biosciences, Sparks, Md., USA) agar plates supplemented with 5z defibrinated sheep blood, according to the method recommended by the Clinical and Laboratory Standard Institute (CLSI) guidelines 2008 (M100-S18). The antimicrobial disk (KB-Disk; Eiken Kagaku, Tochigi, Japan) used in this study included ampicillin (10 mg), penicillin G (10 mg), tetracycline (30 mg), doxycycline (30 mg), erythromycin (15 mg), clindamycin (2 mg), lincomycin (2 mg), cefotaxime (30 mg), chloramphenicol (30 mg), and vancomycin (30 mg). Resistance to most antimicrobial agents was assessed by referring to the corresponding breakpoints recommended by the CLSI guidelines 2008, whereas resistance to doxycycline and lincomycin was assessed according to the Comit áe de l'Antibiogramme de la Soci áet áe Française de Microbiologie breakpoints (13) . Statistical analysis was performed using the chi-squared test and P values º0.05 were considered statistically significant. In addition, minimal inhibitory concentrations (MICs) of tetracycline and erythromycin were determined using the agar dilution method and Mueller-Hinton agar plates supplemented with 5z defibrinated sheep blood according to the method recommended by the CLSI guidelines 2008. Categorization as non-susceptible (intermediate or resistant) to antimicrobials was performed on the basis of the following breakpoints of the CLSI guidelines; tetracycline, À4 mg/ml and erythromycin, À0.5 mg/ml. All S. gallolyticus isolates and reference strains were susceptible to vancomycin, penicillin G, and ampicillin ( Table 2 ). The number of isolates and reference strains resistant to antimicrobial agents are shown in Table 2 . Antimicrobials to which more than 50z bacteria showed resistance were tetracycline (56.6z), doxycycline (68.2z), and lincomycin (77.3z). All the isolates resistant to clindamycin were cross-resistant to erythromycin, and those resistant to both clindamycin and erythromycin were also resistant to doxycycline and tetracycline. Proportions of isolates resistant to tetracy-cline and doxycycline among those from healthy mammals were 6.7z (MIC at which 50z of the tested isolates are inhibited [MIC 50 ], º0.25 mg/ml) and 20z, respectively, which were significantly lower ( P º 0.01) than those from human clinical cases, diseased animals, and healthy broiler chickens (i.e., À70z; MIC 50 , À16 mg/ml). Most erythromycin-resistant (MIC 50 À8 mg/ml) isolates (i.e., 8/11) were from human patients. Resistance to lincomycin, cefotaxime, and chloramphenicol showed no correlation to the isolate sources.
Distributions of genes associated with resistance to tetracycline (tet(M), tet(O), tet(L), and tet(T)), to erythromycin (erm(B) and mef(A)), and the integrase gene of transposon Tn916 (int Tn ) were examined by PCR analysis as described by Leclercq et al. (8) . In brief, genomic DNA was extracted from bacterial cultures using a genomic DNA extraction kit (GE Healthcare, Buckinghamshire, UK) and used as PCR templates. As shown in Table 3 , most isolates showed tetracycline resistance, indicating that a majority of isolates possessed tet(M), tet(O), and tet(L), and int Tn was also prevalent among the bacteria examined (Table 3) . tet(L) was detected in 48.5z bacteria, whereas tet(T) was not detected. All the isolates that were resistant to tetracycline possessed either tet(M), tet(O), or tet(L). Interestingly, more than 70z bacteria susceptible to tetracycline possessed at least 1 tetracycline resistance gene ( Table 2) , indicating that these bacteria potentially have the ability to become resistant to tetracycline by frequent or prolonged exposure to antimicrobial agents. Similarly, 7 of 11 isolates that were resistant to erythromycin possessed erm(B), 1 possessed mef(A), and 1 possessed erm(B) and mef(A). The remaining 2 isolates seemed to lack both erm(B) and mef(A), suggesting that they possessed other gene(s) that conferred erythromycin resistance.
In conclusion, our results showed that resistance to tetracycline and doxycycline was prevalent in S. gallolyticus even in isolates from healthy broiler chickens. However, a small number of bacterial isolates from healthy mammals showed resistance, which was probably because of differences in the amounts of these antimicrobials administered to the animals (e.g., feed additives, veterinary treatment). Recently, the frequency of infections caused by S. gallolyticus has increased in both humans and domestic animals (14) . Therefore, continuous monitoring for antibioticresistant S. gallolyticus is needed to determine appropriate treatments for diseases caused by this bacterium.
